In this retrospective study, the efficacy and safety profiles of toremifene and tamoxifen for the treatment of operable hormone receptor-positive breast cancer in premenopausal women were similar.
INTRODUCTION
Endocrine therapy is a primary component in the management of hormone receptor-positive breast cancer. Currently available treatment options for patients who are premenopausal include ovarian ablation or suppression, and the use of selective estrogen receptor modulators such as toremifene and tamoxifen 1 . Currently, the standard endocrine therapy for premenopausal women is tamoxifen 2, 3 .
The benefits of tamoxifen treatment in premenopausal women with hormone receptor-positive breast cancer have been well documented. The Early Breast Cancer Trialists' Collaborative Group meta-analysis in 2000 demonstrated that, after 5 years of adjuvant tamoxifen treatment, women with hormone receptor-positive breast cancer experienced a 50% reduction in annual recurrence rate and a 31% reduction in breast cancer-related mortality rate. Both rates were lower regardless of age, nodal status, or use of chemotherapy. Furthermore, the effectiveness of tamoxifen has been demonstrated to increase over time: 5 years of therapy is more effective than 1-2 years 4 .
Tamoxifen has a number of associated adverse events, including increased risk of secondary endometrial cancer, thromboembolic events, and ocular changes 4, 5 . The side-effect profile of tamoxifen has driven the development of analogues, including toremifene, a chlorinated derivative with similar site-specific activity. Toremifene, like tamoxifen, is
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Given the use of tamoxifen as standard treatment for hormone receptor-positive breast cancer, the use of toremifene as an adjuvant endocrine therapy has not been widely examined. The present retrospective study compared the efficacy and safety of toremifene and tamoxifen in the treatment of operable hormone receptor-positive breast cancer in premenopausal women.
Methods
Premenopausal patients with hormone receptorpositive operable breast cancer were eligible. Enrolled patients (n = 1847) received either 60 mg toremifene (n = 396) or 20 mg tamoxifen (n = 1451) daily for a minimum of 5 years after surgery. Disease-free survival (dfs) was the primary endpoint. Overall survival (os) and time to distant recurrence were secondary endpoints.
Results
Treatment with toremifene and tamoxifen resulted in no between-group differences in dfs (p = 0.659) or os (p = 0.364). Mean dfs was 10.3 years for both groups. Mean os was 11.2 years for the toremifene group and 11.1 years for tamoxifen group. The 5-year dfs rate was 87.0% in the toremifene group and 85.0% in the tamoxifen group. The 5-year survival rate was 94.3% in the toremifene group and 93.5% in the tamoxifen group. Adverse events rates were similar in the two groups, with the exception of irregular menses, which occurred at a higher rate in the tamoxifen group than in the toremifene group (10.0% vs. 6.3%, p = 0.025).
Curr Oncol, Vol. 20, pp. 196-204; doi: http://dx.doi.org/10.3747/co.20.1231 a These authors contributed equally to the present work. a nonsteroidal triphenylethylene selective estrogen receptor modulator that binds to estrogen receptors. Toremifene and tamoxifen both exert anti-estrogenic effects in breast tissue, inducing apoptosis and inhibiting entry into mitosis in human breast cancer cells 6 .
In preclinical studies, toremifene has demonstrated equivalent estrogen receptor-binding and antitumour efficacy, with less estrogenic activity and dna adduct formation in the endometrium 7 . No excess risk of endometrial cancer 8 or severe ocular toxicity 9 has been reported in patients treated with toremifene. In clinical studies, phase iii results have demonstrated that 40 mg or 60 mg toremifene daily has an efficacy and safety profile similar to that of tamoxifen as first-line treatment for metastatic breast cancer in postmenopausal women. Specifically, toremifene was noninferior to tamoxifen for the treatment of advanced breast cancer in a five-study meta-analysis (1421 patients) that included three pivotal studies (the North American, Nordic, and Eastern European studies) 10 .
Currently, toremifene is approved by the U.S. Food and Drug Administration for the treatment of metastatic breast cancer in postmenopausal women with estrogen receptor-positive or unknown tumours. The use of toremifene as an adjuvant endocrine therapy for premenopausal patients with breast cancer has not been widely examined. The objective of the present study was to compare the efficacy and safety of toremifene and tamoxifen in the treatment of operable hormone receptor-positive breast cancer in premenopausal women.
METHODS
This retrospective analysis included patients with histologically proven unilateral invasive ductal breast cancer who were treated between January 2000 and December 2009 at Sun Yat-sen University Cancer Center, Guangzhou, China. The study and all protocols were approved by the institutional review board.
Study entrants were required to have undergone either a mastectomy or breast-conserving surgical treatment, toremifene or tamoxifen treatment after chemotherapy (and radiotherapy, if indicated), a known tumour size, World Health Organization performance status 0 or 1, a complete medical record and follow-up data of at least 5 years, and regularly occurring menses throughout the data collection period (premenopausal). Toremifene or tamoxifen was chosen based on physician preference and clinical experience with both medications. Adjuvant chemotherapy regimens recommended by the National Comprehensive Cancer Network guidelines 11 and tailored by toxicities were permitted. Eligible patients received either 60 mg toremifene daily or 20 mg tamoxifen daily for a minimum of 5 years. Treatment was initiated within 3 weeks after surgery, chemotherapy, or radiotherapy, whichever was most recent. Patients receiving breast-conserving surgery, those whose tumour was larger than 5 cm, those with 4 or more positive lymph nodes, and those with a positive surgical margin received radiotherapy after surgery, with adjuvant chemotherapy. Patients with 1-3 positive lymph nodes received radiotherapy if their disease was hormone receptor-negative or showed lymphovascular invasion or overexpression of her2 (human epidermal growth factor receptor 2).
Patients were excluded if they were perimenopausal or postmenopausal and presented with hormone receptor-negative breast cancer; with evidence of primary cancer in the contralateral breast; with a prior history of malignancies, including breast cancer; with prior treatment using toremifene or tamoxifen; or with pathologically confirmed ductal carcinoma in situ, lobular carcinoma in situ, or inflammatory breast cancer. Patients were also excluded if the type of surgery received was not indicated, or if medical records were incomplete-for example, information about hormone receptor status or follow-up was missing.
All patients were staged according to the American Joint Committee on Cancer TNM staging system for breast cancer (7th edition), evaluated before neoadjuvant therapy or surgery, whichever came first. Grading of tumours and histologic classification were based on World Health Organization criteria. Estrogen and progesterone receptor status of primary tumour was determined by immunohistochemistry, with staining of more than 10% of cells defined as positive. Patients were considered her2-positive if the her2 protein measured 3+ intensity when examined using immunohistochemistry or upon amplification of the her2/neu gene using fluorescence in situ hybridization.
The primary endpoint for this retrospective analysis was disease-free survival (dfs), defined as the length of time from the date of surgery on the primary tumour to local, regional, or distant recurrence or death from any cause. The secondary endpoint was overall survival (os), defined as the length of time from the date of surgery on the primary tumour to death from any cause or to time of last visit. Patient-reported occurrences of adverse events were also evaluated as recorded by the physician at each patient visit and were graded using the Common Terminology Criteria for Adverse Events, version 3.0.
Patient demographics, clinical characteristics, dfs, os (and related outcomes), and adverse events were summarized for both the toremifene and tamoxifen treatment groups and are presented as numbers and percentages. Differences between groups were compared using the Pearson chi-square test-except for ordinal data, stage, and histologic grade, which were compared using the Mann-Whitney U-test. Time-related data stratified by group were visualized using Kaplan-Meier curves, with a log-rank test. Mean dfs and os were summarized as means, with their respective estimated 95% confidence intervals (cis) for the two treatment groups. yielding hazard ratios (hrs) with 95% cis for the association of time-related data considering treatments, demographics, and characteristics of the patients. All statistical assessments were two-tailed and were considered significant at p < 0.05. Statistical analyses were performed using the SPSS statistics software (version 16.0: SPSS, Chicago, IL, U.S.A.).
RESULTS
Of the 1847 patients included in the our analysis, 396 received toremifene and 1451 received tamoxifen ( Figure 1 ). Most patients in each group were more than 35 years of age (toremifene: 78.3%; tamoxifen: 79.7%). Baseline demographics and patient characteristics were balanced between the groups (Table i) , except for radiotherapy (25% toremifene vs. 34% tamoxifen, p = 0.001).
The dfs-and os-related outcomes were not different between the toremifene and tamoxifen treatment groups (Table ii) , nor were the dfs and os times (Figure 2 ). During the study period, 63 patients (15.9%) receiving toremifene and 213 patients (14.7%) receiving tamoxifen died or experienced a recurrence. Mean dfs was 10.3 years for the toremifene group (95% ci: 9.9 to 10.6 years) and 10.3 years for the tamoxifen group (95% ci: 10.1 to 10.5 years). In the toremifene group, the 1-, 3-, and 5-year dfs rates were 98.7%, 90.6%, and 87.0%. In the tamoxifen group, they were 98.3%, 89.6%, and 85.0% respectively. No significant differences in dfs between the toremifene and tamoxifen groups were observed [p = 0.659, Figure 2(A) ]. Mean os was 11.2 years for the toremifene group (95% ci: 10.9 to 11.4 years) and 11.1 years for the tamoxifen group (95% ci: 10.9 to 11.2 years). In the toremifene group, the 1-, 3-, and 5-year survival rates were 99.7%, 97.0%, and 94.3% respectively. In the tamoxifen group, they were 99.8%, 96.9%, and 93.5%. No significant differences in os between the groups were observed [p = 0.364, Figure 2(B) ]. In total, 29 patients in the toremifene group (7.3%) and 105 patients in the tamoxifen group (7.2%) died (Figure 1) . receptor status, progesterone receptor status, her2 status, chemotherapy regimens, and radiotherapy (each p < 0.05). Furthermore, associations between os and age, tumour size, stage, involvement of more than 1 lymph node, lymphovascular invasion, chemotherapy, and radiotherapy were also observed (each p < 0.05). Time to distant recurrence was found to be associated with age, surgery type, tumour size, stage, histological grade 3, involvement of more than 1 lymph node, lymphovascular invasion, progesterone receptor status, and radiotherapy (each p < 0.05).
All adverse events were mild or moderate. The adverse events most commonly reported after treatment (>5% in each group) were flushing, sweating, vaginal discharge, nausea, vomiting, hypertriglyceridemia, and irregular menses (Table iv) . No patient reported a severe adverse event. A higher rate of irregular menses was reported by members of the tamoxifen group than by members of the toremifene group (10.0% vs. 6.3%, p = 0.025). Endometrial cancer developed in 1 patient in the tamoxifen group and in no patients in the toremifene group.
DISCUSSION
The results of the present study indicate that, in the treatment of hormone receptor-positive operable breast cancer in premenopausal women, toremifene and tamoxifen have similar efficacy and tolerability. The estimated 5-year dfs rates were not significantly different between the treatment groups. In addition, the 5-year os and tdr were not statistically different between the groups.
The observed dfs and os were comparable to those reported in previous studies with tamoxifen or toremifene in postmenopausal women. None of the patients in the current study received adjuvant trastuzumab. In China, trastuzumab was approved for the adjuvant therapy of her2-positive breast cancer at the end of 2008. The present study concluded in December 2009. The cost of trastuzumab is not reimbursed by China's national health insurance, and therefore very few patients (and none in the present study) received trastuzumab before 2009. Lewis et al. 6 examined 1813 postmenopausal women with hormone receptor-positive invasive breast cancer receiving adjuvant treatment with either tamoxifen (20 mg) or toremifene (60 mg) for 5 years. The primary treatment endpoints were 5-year dfs and os. Consistent with our results, Lewis et al. demonstrated that patients treated with tamoxifen or toremifene did not differ in therapeutic response. At a mean follow-up of 59 months, no differences in dfs or os were evident between the groups.
Rates of recurrence and distant metastasis, and also sites of recurrence, were not statistically different between the groups in the present study. That finding is also supported by Lewis et al., who observed a higher, albeit nonsignificant, number of local recurrences and distant bone recurrences in women taking toremifene 6 .
Another recently published study by Su et al., similar to the present investigation, sought to establish the role of toremifene as a tamoxifen alternative for endocrine therapy in premenopausal patients with estrogen or progesterone receptor-positive breast cancer. Toremifene and tamoxifen yielded similar os values, with 5-year os rates of 100% and 98.4% respectively ( p = 0.087). However, recurrence-free survival was significantly better in the toremifene group than in the tamoxifen group ( p = 0.022). Multivariate analysis also showed that recurrencefree survival improved independently with toremifene (hr: 0.385; 95% ci: 0.154 to 0.961; p = 0.041) 13 . Compared with Su et al., the currently reported study (although similar in scope) has distinct differences. The present study had a larger sample size, because more patients with newly diagnosed breast cancer are treated at the Sun Yat-sen University Cancer Center each year than are treated at Sun Yat-sen Memorial Hospital (the focus for Su et al.) . Currently, a greater number of our patients undergo mastectomy; Su et al. reported a greater number of patients undergoing breast-conserving surgery. The present study provides further evidence supporting the efficacy and tolerability of toremifene in premenopausal patients with breast cancer.
With respect to adverse effects in the present study, irregular menses were experienced by fewer patients in the toremifene group than in the tamoxifen group. Rates of other adverse events were not significantly different between the groups. By contrast, Su et al. reported a greater rate of hot flashes in the toremifene group than in the tamoxifen group (p = 0.049); however, in accord with our results, toxicities were similar in the two treatment groups, with no women experiencing severe complications, and no patients developing endometrial cancer 13 . Tamoxifen has a number of treatment-related adverse events, particularly an increased risk of secondary endometrial cancer. Reports from previous trials demonstrated a reduced incidence of endometrial cancer with toremifene 6, 14, 15 .
Age has an effect on the survival of patients with premenopausal breast cancer. Earlier studies have reported that the prognosis of breast cancer patients 35 years of age or younger was poorer than that of patients more than 35 years of age 16, 17 . In support of those earlier reports, the hrs for disease progression, death, and recurrence were significantly lower in our patients more than 35 years of age than in those 35 years of age or younger.
It has been hypothesized that her2-positive tumours may be less responsive to certain endocrine treatments 18 . De Laurentiis conducted a meta-analysis investigating the association between response to endocrine treatment and overexpression of her2 in metastatic breast cancer. They found her2-positive metastatic breast cancer to be less responsive to any type of endocrine treatment. That result is consistent with findings in the present study that patients with her2-positive tumours had significantly higher hrs for disease recurrence and death.
Unlike tamoxifen, toremifene is not a prodrug requiring activation by CYP2D6. No drug-drug interactions are expected with agents that interfere with CYP2D6 activity, and no differences are expected in poor and fast metabolizers of CYP2D6. Kim et al. reported that tamoxifen, but not toremifene, is a substrate for 4-hydroxylation by CYP2D6 in human liver microsomes and that the metabolism of toremifene is not markedly affected by potent CYP2D6 inhibitors in human liver microsomes. That result is particularly relevant to our findings and suggests a potential for clinical benefit in subjects taking toremifene to treat metastatic breast cancer considering that they would not be subject to allelic variation in CYP2D6 status or affected by co-administration of CYP2D6-inhibiting medications 19 .
Potential limitations to the interpretation of our results include the manner in which patients were selected for treatment with toremifene or tamoxifen (physician preference and experience). Tamoxifen is still the standard of endocrine therapy for premenopausal breast cancer, and it is prescribed for most women with premenopausal breast cancer at Sun Yatsen University Cancer Center; however, toremifene was prescribed by some physicians based solely on personal preference. In addition, our study was not a randomized controlled trial, and the retrospective design has potential for bias. Unequal distribution between the study groups may suggest a difficulty in making valid comparisons. Also, no severity grading of adverse events was performed. To overcome those limitations, future prospective randomized controlled trials are needed to provide further evidence for the use of toremifene in premenopausal breast cancer patients.
CONCLUSIONS
In premenopausal breast cancer patients, toremifene has efficacy and safety profiles similar to those for tamoxifen. Randomized controlled trials are needed to provide further support for the use of toremifene in the treatment of premenopausal women with operable hormone receptor-positive breast cancer.
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